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ABSTRACT

Background: uveal melanoma is characterised by a high prevalence of liver metastases and a
pOOT prognosis.

Aim: to review the evolving surgical management of this challenging condition at a single
institution over a 16 year period.

Patients and M ethods: between January1991 and June 2007, among 3873 patients with uveal
melanoma, 798 patients had liver metastases. We undertook a detailed retrospective review of
their clinical records and surgical procedures. The data was evaluated with both uni- and
multi-variate statistical analysis for predictive survival indicators.

Results: 255 patients underwent surgical resection. The median interval between ocular
tumour diagnosis and liver surgery was 68 months (range 19-81). Liver surgery was either
microscopically complete (RO; n = 76), microscopically incomplete (R1; n =22) or
macroscopically incomplete (R2; n = 157). The median overall post-operative survival was 14
months, but increased to 27 months when RO resection was possible.

With multivariate analysis, four variables were found to independently correlate with
prolonged survival: an interval from primary tumour diagnosis to liver metastases > 24
months, comprehensiveness of surgical resection (R0), number of metastases resected (< 4)
and absence of miliary disease.

Conclusions: surgical resection, when possible, is able to almost double the survival and
appears at present the optimal way of improving the prognosis in metastatic uveal melanoma.

Advances in medical treatments will be required to further improve survival.

Key words: uveal melanoma; liver metastases; surgery; prognosis
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INTRODUCTION

Uveal melanoma is the most common primary ocular malignancy in the adult caucasian
population and once metastases occurs the liver is the sole organ involved in 60 — 80 % of
cases. " When liver metastases develop, the prognosis is poor and life expectancy reduces to
less than 6 months in the absence of treatment.* No adjuvant therapy has proven efficacy for
the prevention of metastases following ocular treatment and only minimal improvements in
disease-free survival have been observed with intra-arterial chemotherapy.’

The best survival rates with established liver metastases have been obtained with maximal
tumour reduction, where technically possible. * Disseminated, or ‘miliary’, metastases are a
very poor prognostic factor, frequently diagnosed only at the time of operation as current
imaging methods (abdominal ultrasonography, computed tomography) are insufficiently
sensitive to reliably exclude their presence pre-operatively.

The aim of this study was a long-term (16-years) review of the surgical management of liver
metastases from uveal melanoma in a single institution with regard to survival and the

determination of predictive factors for the optimal surgical candidate.
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PATIENTSAND METHODS

Patient selection

After primary ocular treatment, surveillance combined clinical ophthalmologic examination
and abdominal ultrasonography (US) every 6 months. If metastases were suspected, hepatic
computed tomography (CT) and/or magnetic resonance imaging (MRI) scanning was
performed to both confirm the diagnosis and evaluate the feasibility of resection. The
presence of lung metastases was evaluated pre-operatively initially by chest X-ray and more
recently by CT. Pre-operative liver biopsy was performed, where technically possible, for
histopathological confirmation of metastatic disease, however, we worked on the assumption
that any hepatic nodule not present at initial evaluation and appearing during follow up was
metastatic until proven otherwise. All patients with documented liver metastases were
reviewed by the multidisciplinary team to assess the indication and suitability for surgical
resection. When screening demonstrated disseminated metastatic disease, contraindicating
liver resection or precluding safe surgery, patients received either intravenous chemotherapy
or best supportive care only. Patients medically unsuitable for hepatic surgery were excluded
from this study.

Initially all patients underwent surgical exploration, with the intent of resection, and/or
insertion of an intra-arterial catheter for post-operative chemotherapy. As our experience
increased, surgery was only performed if complete resection was likely following pre-
operative evaluation to reduce unnecessary morbidity. More recently, the initiation of a
randomised trial, comparing intravenous with intra-arterial chemotherapy in patients with
unresectable metastases limited to the liver, further reduced our indications for surgical

exploration.

Population
Between January 1991 and June 2007, 3873 patients with uveal melanoma were treated at our

institution. Of these, 798 developed liver metastases and 255 underwent hepatic surgery.

Method of treatment
The 543 non-surgical patients were treated with either chemotherapy (dacarbazine or
fotemustine), were included in phase I or II clinical trials or received optimal supportive care

only.
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For the 255 that underwent surgical intervention, the standard criteria for hepatic surgery were
respected (age, performance status [WHO criteria], preservation of 30 — 40 % normal
parenchyma following complete metastasectomy). The surgical objective was microscopically
complete resection using either single or multiple resections. Surgery included intraoperative
liver ultrasonography and frozen-section examination when pre-operative biopsy had not been
obtained. The presence of ‘miliary’ metastases (multiple, diffuse, millimetre-sized, dark
punctuate lesions) at laparotomy contraindicated major liver resection. Liver resections were
classified ‘RO’ (microscopically complete), ‘R1’ (microscopically incomplete) or ‘R2’
(macroscopically incomplete). In R2 resections cannulation of the proper hepatic artery, via
the gastro-duodenal artery with ligation of any additional left and/or right hepatic branches,
for post-operative chemotherapy was mandated in every patient during the first years of our
experience, but since 2005 has been reserved for randomised patients in the intra-arterial arm
of the European trial. The injection port was routinely implanted at the left costal margin to
avoid interference with subsequent imaging. The quality of hepatic perfusion was verified by
operative fluorescein injection and controlled post-operatively by port-catheter arteriography.
Chemotherapy consisted of intra-arterial infusions of dacarbazine and more recently of
Fotemustine commenced within a month of surgery. With secondary catheter dysfunction,
peripheral intravenous chemotherapy was substituted. Those with no intra-arterial catheter
placement received intravenous dacarbazine or fotemustine.

Six-monthly post-operative follow-up included clinical examination, laboratory investigations

and hepatic CT.

Recording and statistics

Medical records were reviewed to determine significant factors for survival following the
diagnosis of liver metastases and the following information was collected: gender, age at
diagnosis of metastases, intra-ocular tumour location, thickness and diameter, primary
management, interval between primary tumour treatment and diagnosis of metastases,
management and number of liver metastases, morbidity and mortality related to treatment,
and overall survival.

Patient survival was calculated from the date of surgery to the date of last follow-up or death.
Survival and time-to-event rates, with standard error, were calculated with Kaplan-Meier
analysis and compared with the log-rank test. Statistical tests with a p value <0.05 were

considered statistically significant.
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A multivariate Cox proportional hazards analysis was built using those variables that
suggested a significant prognosis value by univariate analysis. Variables included in the
multi-variate model were those with an univariate significance of < 20%: these were age at
diagnosis (< 60 years, > 60 years), time to liver metastases (<24 months, > 24 months),
comprehensiveness of liver resection (R0, R1,R2), number of liver metastases resected (< 4
lesions, > 4 lesions), miliary disease (no, yes) and topography of liver metastases (unilobar,

multilobar).
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RESULTS

During the study period 255 patients underwent hepatic surgery with a mean age of 56 years
(range 19 — 81) and 133 were male. The median time between primary tumour diagnosis and

hepatic surgery was 68 months (1-96). Only 13 patients had synchronous liver metastases.

Primary uveal tumour characteristics
Mean tumour thickness was 7.45 mm (2.1 — 1.7) and mean tumour diameter was 15.7 mm (8
— 35). Primary management of the uveal tumour included enucleation in 57 patients and non-

surgical treatment in 198 patients, including proton beam therapy in 110.

Liver metastases and surgery

Prior to surgery, all 255 patients had abdominal US, 177 hepatic CT and 73 liver MRI.
During surgery, liver metastases were found to be solitary (n = 25), 2-4 (n=51) and >4 (n =
179). Among the 255 liver resections, there were 77 major liver resections (> 3 segments),
128 unisegmentectomies or metastasectomies and 50 liver biopsies. We performed 8 local
radio frequency ablations (RFA) during laparotomy to attain RO resection.

Liver surgical resection was R0 in 76, R1 in 22 and R2 in 157.

154 patients underwent intra-arterial catheter placement in R2 resection.

The presence of > 4 macroscopic lesions during surgery was a strong predictor of miliary
disease (p = 0.001) (Table 1).

The pre-operative classification of patients (macroscopic lesions < 4 versus > 4) by imaging
was found, by comparison to operative findings, to have a sensitivity of 60%, a specificity of
90.6%, a negative predictive value of 50.75% and a positive predictive value of 93.4%.

The 30-day mortality rate was 3%: death being caused by acute hepatic insufficiency (5
patients), haemorrhagic complications (2 patients), subphrenic collection (1 patient). The
overall morbidity was 16.4 % of which there were 10 infections, 8 haemorrhagic and 4

thrombo-embolic complications.

Survival after surgical treatment of liver metastases
The median overall survival following hepatic surgery was 14 months as compared to 8
months in those who had no surgery. The survival rate was 56.7% (£ 3.1 SD) at 1 year, and

7.0% (x 2.0) at 5 years.
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The median overall survival was 27 months after RO resection, 17 months after R1 resection
and 11 months after R2 resection (Figure 1).
Four patients with a slowly progressive disease and limited number of metastases underwent

secondary resection and two had a third resection.

Univariate survival analysis

Gender, age, tumour thickness and diameter, intra-ocular location of the primary melanoma
and initial treatment were not predictive of outcome (Table 2).

A disease-free interval between primary tumour and liver metastases of more than 24 months
was a significant prognostic factor of survival at 2 years (p < 0.0001).

Patient outcome was strongly correlated to the quality of liver resection: 2-year overall
survival being 54.4 % after RO resection, 30.7 % after R1 and 14.4 % after R2 (p <0.0001).
The number of liver metastases (< 4), their hepatic topography and the presence of miliary

disease were all correlated with prolonged overall survival (p < 0.0001).

Multivariate survival analysis

We identified four variables (Table 3) that correlated independently with prolonged survival:
time to liver metastases (> 24 months), comprehensiveness of liver resection (R0), number of
liver metastases resected (< 4 lesions,) and absence of miliary disease. Although significant
by univariate analysis, the topography of liver metastases was not significant by multivariate

analysis.
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DiIscussiON

At our institution we developed an aggressive surgical approach to hepatic metastases of
uveal melanoma. Initially, we undertook surgical exploration in all patients, but laparoscopic
evaluation was not available and, due to the dissemination of the disease in the majority of
patients, survival was almost uniformly poor. With increasing experience and improvements
in hepatic imaging, we felt that the selection of patients for liver resection could be optimised
by the prognostic features outlined below. It also became clear that significant survival
information could be provided by the following factors: i) time to development of liver
metastases, ii) comprehensiveness of hepatic resection, iii) number of metastases resected,
and iv) the presence of miliary disease. These factors now influence our surgical management
in selecting patients most likely to benefit and avoiding surgical morbidity in the patients with

little or nothing to gain from surgery.

Survival rate without liver resection

This retrospective study confirms the significant prognostic implications of liver metastases
from uveal melanoma. Of our initial cohort of 3873 patients only 798 (20%), were known to
have metastases, which compares with a previous rate of 10% by Rivoire.” With optimal
supportive care, assessed in our previous study, the median overall survival for metastatic
patients was 4 months and chemotherapy, in the absence of curative surgical resection,
improved survival to 8 months.® A somewhat improved overall survival of 14 months was
suggested by Leyvraz ten years ago ® and confirmed in a retrospective study in 2006 (15
months) in 101 patients after intra-arterial chemotherapy with Fotemustine without surgical

. 5
resection.

Survival rate after liver resection

Hepatic resection should be considered for liver metastases of uveal melanoma because the
liver is the first metastatic site and single organ involved in 60 — 80 % of cases.'” In our
series overall survival increased with surgery, irrespective of adequacy of resection, to 14
months. Having confirmed the positive benefits of surgery, deeper analysis elucidated further
prognostic indicators including the comprehensiveness of resection, number of resected
metastases, topography of lesions (uni- or multi-lobular), time to development of metastases
and the absence of miliary lesions. All variables, except unilobular lesion distribution,

statistically significant in univariate analysis, were confirmed in multivariate analysis.
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Our results clearly demonstrate the benefit of complete tumour removal with 2-year survival
being 54.4% after RO resection, 30.7% after R1 resection and 14.4% after R2 resection. These
figures compare with those of much smaller series: Aoyama ° reported RO resection in 9
patients (7 with liver metastases only and 2 with liver metastases and other sites). After RO
resection, the median recurrence-free and overall survival was 19 months and 27 months
respectively. In a series of 24 patients Hsueh ' showed that the surgical cohort had a
significant longer median survival (38 months) than the non surgical cohort (9 months). Of
these only 5, however, underwent liver resection, the remainder having other, non-defined
metastasectomies. The RO resection rate in our series, 76 of 255 (approximately 30%), was a
little lower than Rivoire’s 50% (14 of 28) with similar semi-annual abdominal US screening.
The quality of surgery (RO vs. R2) was the strongest indicator of improved outcome with 28

months median survival for RO, being higher than the 25 months published previously. ’

RO resections limited by miliary disease

As would be expected, with the number of metastases corresponding to disease ‘load’, fewer
correlated with improved survival. Specifically, less than 4 metastases was strongly
significant (p < 0.0001) as was the absence of miliary disease (p < 0.001). Similarly, a
unilobular was much better than a multi-lobular distribution. Others, with much smaller
series, have shown the significance cut-off to be10 metastases or less. ' One very important
finding in our series was that more than 4 metastases were strongly predictive for miliary
disease in 82 % of cases. ). Because miliary disease renders R0 resection impossible, this
finding has changed our practice and we now perform diagnostic laparoscopy whenever more
than 4 metastases are demonstrated or suspected on pre-operative imaging. In this way, those
with military disease can be spared an unnecessary, and futile, laparotomy. The disease-free
interval between primary uveal melanoma and diagnosis of metastases was a positive

prognostic factor if greater than 24 months on univariate and multivariate analysis.

Early Detection of patients at high risk of hepatic metastases

We appreciate the potential critique of this study involving an evolutionary plan of
management as guided by our previous experience, but are confident that such will be offset
be the valuable prognostic information and strength of statistical analysis. With respect to
screening, liver function tests have been suggested to improve early diagnosis of liver

11,12

metastases. Rietschel, however, noted that blood test were extremely inefficient for the

10
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detection of asymptomatic metastases.’ Only one patient in Rivoire’s study had liver function
disruption with small metastases and, in our experience, liver function modification occurred
only with massive, and therefore late, involvement. !

Naturally, it would be far better to be able to predict those patients who are likely to go on and
develop liver metastases before they actually occur, but none of the following approached any
degree of statistical significance: gender, ocular location of primary tumour, thickness or
diameter of primary and the presence or absence of retinal detachment. It appears to be of
importance to detect liver metastases as early as possible. At the Institut Curie, we have
implemented a programme of intensive radiological follow-up with liver MRI, since 2004, for
patients with known poor prognostic indicators (primary tumour size and thickness) and, for
enucleated patients, those whose tumour has a monosomy 3 detected by FISH (fluorescent in
situ hybridisation) "°, a strong predictor of metastatic disease.'*'> We opted for MRI imaging
because, apart from the specific characteristic of hyperintensity on T1-weighting due to
melanin, optimal contrast between the liver and the metastases appeared to allow an improved

sensitivity of detection of small lesions.

As to future developments, intra-arterial chemotherapy works on the premise of a greatly
increased concentration at the metastatic site along with reduced side effects. The almost
exclusive development of liver metastases is a further indication for this route. A randomised
trial, coordinated by the EORTC (18021), is presently open to inclusion for the comparison of
intra-arterial versus intra-venous delivery for fotemustine. With incompletely resectable
disease, we actually prefer to randomise our patients in this trial. Vaccinotherapy with
antigenic-specific peptides in non-operable and/or recurrent tumours has been proposed in
HLA A2 patients, which represents about 50% of the caucasian population. Early results,
however, have not been encouraging with neither tumour response nor improvements in
survival having been shown in an ongoing study [data not shown]. Thus surgical resection
remains the best option available to us at present and, as in any malignant disease, with
optimal screening to determine operable disease. One matter of continued concern, as
demonstrated by Figure 2, remains the lack of adequate pre-operative diagnosis of miliary
disease. We had expected to see an increase in RO resection, but have seen the reverse of late.
Clearly pre-operative identification remains inadequately sensitive in a large number of cases
and we are hopeful that DLS used routinely in cases with > 4 metastases will allow us to

increase the rate of RO resection.

11
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Conclusion

Our results strongly support the notion that hepatic resection for liver metastases from uveal
melanoma offers a greatly improved long term survival in carefully selected patients.
Important survival indicators include the time to metastases, the number and

comprehensiveness of resected metastases, and the presence or absence of miliary disease.
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no miliary miliary

<4 lesions 59 (37%) 17 (18 %)

2 4 lesions 100 (63 %) 77 (82 %)

* missing data = 2 159 (100%) 94 (100%)
p =0.001

Table 1. Presence or absence of miliary disease and
number of macroscopic metastases



Table 2 Predictors of overall survival after liver surgery (univariate analysis)
Prognostic factors No. Of 2-y P
patients survival (%) value
255
Gender
Male 133 27.3+04.0 0.56
Femae 122 27.5+ 04.2
Age at diagnosis of metastases (year)
<60 140 32.8+04.2 017
>=60 115 20.5 + 04.0
Primary tumor location
Anterior to equator 16 27.0+11.5
On equator 140 246+039 034
Posterior to equator 71 31.1 +05.8
NA* 28
Primary tumor thickness (mm)
<=75 122 31.1+04.7 0.20
>75 107 22.6 +04.2
NA* 26
Retinal Detachment
No 114 28.4+04.5 0.59
Yes 100 25.7 £ 04.7
NA* 41
Primary tumor diameter (mm)
<=15 102 229+04.3 064
>15 113 29.9 + 04.6
NA* 40
Primary tumor treatment
No enucleation 198 27.1+03.4 045
Enucleation 57 28.0 + 06.0
Timeto liver metastases (months)
<=24 104 11.0+03.2 <0.0001
>24 151 39.0 + 04.2
Quality of liver resection
RO 76 54.4 + 06.2
R1 22 30.7+10.0 <0.0001
R2 157 14.4 + 02.9
Number of resected liver metastases
<=4lesions 76 54.3+06.1 <0.0001
> 4 |esions 179 16.5 +02.9
Topography of liver metastases
Unilobar 64 54.4 +06.7 <0.0001
Multilobar 191 18.4 + 03.0
Miliary disease
No 159 36.9 +04.0 <0.0001
Yes 94 09.4 +£03.3
NA* 2
Type of resection and complementary treatment
RO + follow-up 86 53.2 + 06.0
R1-R2 + postoperative treatment. 149 17.5+03.2 <0.0001
R2 + Best supportive care 20 05.0 + 04.8
* Non gpplicable

univariate analysis : Kaplan-Meier method with log-rank test



Table 3 Multivariable Cox proportional hazards analysis for overall survival
to adjust the risk associated with therapy for various factor*

Prognostic factorsincluded :

Ageat diagnosis (< 60 years, >= 60 years), timeto liver metastases (< = 24 months, > 24
months), quality of liver resection (RO, R1,R2), number of resected liver metastases (< 4
lesions, > 4 lesions), miliary disease (no, yes) and lesion distribution (unilobar, multilobar).

Prognostic factors HR* Cl* P value

Timetoliver metastases |> 24 months 1 [1.47; 2.63] P<0.0001
<=24months| 1.94

Quality of liver resection RO 1
R1 1.64 [0.95; 2.83]
R2 1.70 [1.15; 2.49] P=0.01
Number of resected < 4lesions 1
liver metastases >4 lesions 1.72 [1.19; 2.48] P=0.004
Miliary disease No 1
Yes 1.44 [1.05; 1.97] P=0.02

*HR = hazard ratio, Cl = confidence interva



Figurel

Overall survival according to the type of liver resection

Q _
—
Q _
o ’ .
= RO : microscopically complete
= = R1: microscopically incomplete
| === R2: macroscopically incomplete
-:| -
S 4
O [
o ] vt
e
S :
S
]
< S
o :
p<0.0001
~ | TT-TTTTrT T T T T |
o |
L,
[N t
[ I ______
e ... |
T T T e e e e e e e e e e e e e eeaeaaaa l ce e
o 1
o I I I I I I
0 12 24 36 48 60 72

time (months)

Patients at Risk

12 24 36 months
RO 62 29 14
R1 15 6 3

R2 68 21 9



Figure2

Adequacy resection (RO vs R1-R2)
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